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a minimal introduction ...

e FCNC process can occur only via quantum-loop transitions strong suppression due to CKM
hierarchy — & ~ 107 — 10719

e New Physics contribution can arise at the same level of or larger than SM
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e Many results already presented on Monday (see slides here)
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https://indico.fnal.gov/event/44442/contributions/192452/attachments/135212/167568/snowmass2020.pdf

... and a glimpse of the detector and upgrad
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* Excellent muon identification (&y =
98%) and low misID Eh—y ~ 0.5%

® High trigger etficiency on B
decays with muons

* Well suited for b — g2 analyses
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Preparing the
detector for a
bright future!
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Purely leptonic rare decays

LHCb PRL 118, 191801 (2017)

e Theoretically clean, additionally suppressed by helicity <
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e Main systematics from f. /f; and BF of normalisation mode 0
o At 300tb-! (with conservative assumption on sys ~4%):

o ABB — up) ~0.16x 107

o o(BB° — up) BB — pp)) ~ 10 %



LHCB-CONF-2020-002
CMS PAS BPH-20-003
ATLAS-CONF-2020-049

LHC combination

¢ Combination of the measurements ATLAS, CMS, LHCb - Summer 2020
from ATLAS, CMS, and LHCb based s 0.6 T IS x
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PrOSpeCtS fOr BSQ —> //t +//t B Altmannshofer et al. JHEP05(2017)076
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e In MSSM RB(B? — uu) tan6ﬂ/mj

e With full Run1+Run2 o(B(BY — up))/ B(BY — uu) ~ 14 % can be reached — Together with ATLAS and CMS
0(95’(B£ — up))/ 99(3? — up) ~ 7% , which is the expected uncertainty at the end of Run4 for LHCb only

e Complementary to direct searches of Tt resonances


https://link.springer.com/content/pdf/10.1007/JHEP05(2017)076.pdf

Electroweak penguins: an example
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B' — K %uu angular analysis prospects

e For Cy, C;yform factor uncertainties cause saturation at ~ 30 fb~! — Will need theory to improve
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e Large data set @Upgrade II, (~440 000 fully reconstructed B — K “u*u~ decays), it will make possible a
precise determination of the angular observables 1n narrow bins of q2 Or using a qz—unbinned approach
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Probing C7

LHCb-PAPER-2020-020

b — sy transition rates proportional to C

Candidates / 34 MeV

photon polarisation mainly LH

BF's, CP asymmetries and photon polarisation
precision improves with 300tb-1

Access also to b — dy with larger CP asymmetry
expected

Alternative way to measure photon polansatlon
is to use b — sete™ decays at very low g*
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Summary

FCNC processes are powerful tools to probe for NP and current anomalies in b — s£¢
processes are suggesting possible effects.

Update of the current analysis can possibly show an evidence of NP already with full
Run2'data.

(Not'shown today) LFV searches can strongly, constraints the parameters space of several
BSM models.

Future upgrades will provide the statistical power.to discriminate between NP models,
and provide access to additional observables;
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BY — utu~ effective lifetime

e With 300fb-! precise measurement of additional observables:
and time-dependent CP-asymmetry 5,

effective lifetime Tﬁg

e Both sensitive to (pseudo-)scalar contribution, (CP)CS

e Recent LHCb measurement: T;M

e Run5-6: G(T/jg) ~ 2 %

ff:

2.04 + 0.44 + 0.05 ps

e Assuming a tagging power ~3.7%, 5, @Run5-6:

o G(SW) ~ 0.2

e with a tagging power of ~8% and current analysis

performance

o G(SW) ~ 0.1
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https://arxiv.org/pdf/1303.3820.pdf
https://link.springer.com/content/pdf/10.1007/JHEP05(2017)076.pdf

BY — utu~ effective lifetime

g LHCb -

o With 3001fb-! precise measurement of additional observables: § 4 e e g -
effective lifetime T;’E and time-dependent CP-asymmetry 5,

4 _

e Both sensitive to (pseudo-)scalar contribution, (Cp)Cs

2.04 +£0.44 £ 0.05 ps

e Recent LHCb measurement: TW

e
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Bg) — utu~ projections

Large Hadron Collider (LHC) HL-LHC

LHCb

CMS

ATLAS

__Run1 [N Run2 [N Run3 | 1s3 | Rund.5.

7 TeV— 8 TeV —— 13 TeV 13/14 TeV
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BB — utu”) <2.1x10-10F £1.43x 10710 +(0.28 — 0.54) x 10719

[LHCB-PUB-2018-009] [ATL-PHYS-PUB-2018-005] [CMS PAS FTR-14-013/-015]
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~1 visible ~5 visible ~50 visible
Interaction Interaction Interaction

LHCb— ¢————— LHCb Upgrade |—— o————LHCb Upgrade ll /™

LS3
o -1 LS2 — 33 HL-LHC - . 1l e — 1. M s 1
L= 101b Injector upgrades £=2x10 AT AR —_— L~ 90t L¥#4 L=1-2x10 LS5 =L~ 300fb
Phase 2 upgrades
200 || 2010 21 20 vz 202 a0 202 2025 02 207 202 200 21 2052 s 203 ons v av] 2

LHCDb Upgrade |: incremental

LHCDb Upgrade |
Improvements/prototype detectors

Installation starts

e Preparing the upgrade for Run3 and Run4 during LLS2
e Full software trigger and new readout system, all detector at 40MHz (32 Tbps throughput)
e Replace tracking detectors + PID + VELO, & = 2 x 10> cm™%s™!

e (Consolidate PID, tracking and ECAL during LS3
e Phase-II upgrade during LLS4:

e New detector technologies, & = 1.5 x 10°* cm™

S—l
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Lepton Flavour Universality tests

e b — sC¢ processes excellent probe to test for LUV Ginax dI''B— Hu p=| .
effects : A2 dg
R — Qmin
® R is close to unity in SM, with very small N tmax AL[B— Hete ]
uncertainties 2 dq? dg

qmin

e Extremely clean test:

. . q _ q
e cancellation of hadronic form-factors ! i ’
uncertainties 1n predictions b s
e Possible deviation from QED corrections ~1% ‘
b@lOW CC resonance Bordone, Isidori, Pattori EPJC(2016)76:440
v/Z’ poser
o Electrons are very challenging @LHCD! it et
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Electrons

Triggered on large energy deposit on calorimeter
Electron ID based on calorimetric information
Selection 1s a factor ~3 less efficient than muons

Boosted b-hadrons from LHC collision: most electron
emit hard bremsstrahlung

photon Magnet ECAL
. Y _--
» momentum resolution T .
heavily attected. Upstream R oo

Air
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BT - K777/~ LFU tests

e Use of double ratio to further reduce systematics:

Phys. Rev. Lett. 122 (2019) 191801
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B+ —> K+f+f_ CrOSSChGCkS Phys. Rev. Lett. 122 (2019) 191801

e (Crosschecks universality in ¢c resonances 1n all

- N z LHCb simulat
kinematic regions BB+ = Iy — uru-)K") S 1op ¢ SHHEHon
r — — 1 % i
W BB = Jhw( > ete)K) E
S i
= :
= 0.30—m \\ ~ S 05
S ; LHCb s ¥
E 0.25F Xf&\%\g\ simulation = L1 LHCb i
7 0.20F 6 S —I— 5
R | §§ | § T —’— - 0.0 b
0.15F \ 1.0 ‘I" """"""""" T ++ """"""""" + ++_I_ """""""""" ++ ~ Hor
0.10[ i + S LHCb
; 15 Z ~1.05(
0.05F 1 0.9} s b
? ) T R R SR S TR N N (NN NN (NN NN NN MNNNN N NN SN N B ~ -_{ ............................................. IR (S vvmmm————  ———
0.00 40 4.5 50 55 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 100: ++++
loglo(max(p( (M), p())) max(p(l "), p(I")) x a(l*, [") bin number -
095
e Can also test that Rk measured at the yw(2S) is 1 N
0 0.1 0.2 0.3 0.4 0.5

dilepton opening angle [rad]

B(BT — KW(QS)(WM))/B(B+ — KT9(25)(e"e™))

Ry(25) = BB S K10 ) | BB = Krlio(ee)) 0.986 + 0.013 (stat + syst)
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BT - K777/~ LFU tests

Phys. Rev. Lett. 122 (2019) 191801

(\]\:3 LHCb ‘l: LHCb
. > 300 ata ~ 100 ata
e Measurement with 2011-2016 (~5 fb-! at 2 —tan | 2 —toatnn
_ - 2 i < ook I g g
Vs =7.8 and 13 TeV) in central g2 bin i Conimania | G A
[1-6]Ge V2 - =, B ot
O F \ S 20FE .
R, = 0.84610-060+0.016 hett TR it
p KT M —0.054-0.014 05200 5300 5400 5500 5600 %S00 5500 6000
m(K ut ) [MeV/c?] m(K ete”) [MeV/c?]
e Yield of ~766 BT — KTe"e™ events vs !
~1943 B* — K*u*u~ driving the total - LHCb
uncertainty: 1.5}
» 7% statistical error vs 2% systematic PN S - | EE
i A |
® Rk 1s found to be lower than 1 by ~15% - i —
0.5 i | . Belle
» Still compatible with the SM at 2.5¢ :
- e LHCDb Run 1 + 2015 + 2016
level! | T T P S R
0 5 10 15 20

., g> [GeV?/c4]



BY — K'V%/%#~ LFU tests

Results use Runl data ~3fb-! of
integrated luminosity

Precision of ~17% 1in both bins,
statistically dominated

Upcoming Runl+Run2 analysis expected

to reduce uncertainty by a factor ~2

- 0.6610: 03 (stat) 1902 (syst) for 0.045 < g% < 1.1 GeV?/c*
) 0.6910-11 (stat) 093 (syst) for 1.1 < g% < 6.1 GeV2/c*

23
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JHEP 05 (2020) 040

LFU test with baryons
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e First test of LU with b-baryons, using Ag — pK£* ¢~ decays, analogous to R(K""), expected
to be unity in the SM [Fuentes-Martin et al.]

e Analysis performed using Runl + 2016 dataset
e Region considered for the measurement: m(pK~) < 2.6 GeV/c?and 0.1 < g° < 6 GeV?/c*

e Efficiency crosschecked with resonant J/y componentin 6 < ¢~ < 11 GeV?*/¢"


http://arxiv.org/abs/1909.02519

LFU test with baryons

e First observation of Ag — pKe™e™ with more
than 70

BN~ pKe'e™)| = (3.1 +£0.4+0.2+0.3£%4) x 107
0.1<g?<6GeVZ/c* '

BN~ pKu*O)| = (2.65 +0.14 + 0.12 + 0.29+238) x 10~
0.1<g?<6GeV2/c* '

= 0.8670-1% + 0.05

RpK| —0.11 —

0.1<g?<6GeV?Z/c*
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Prospects for Ry, measurements in LHCb

Bifani et al, J.Phys.G 46 (2019) 2, 023001

.. . 0.30
e Precision driven by the electron ' ' Bello 1T .
mode and projection based on the Belle — 1T Ry,
current performances 0.201 LHCb Ry
LHCb RK*
* Rk hitting QED uncertainty during £ .20} LHCb R,
Run 6 & — LHCb R,
%015
o Higher statistics will give access ¢ m
to additional observables such ko]
as R 2 0.10F
T A
R x precision Run 1 result 9fb~" 23fb~' 50fb~" 300fb~* 0.05
Rk 0.745 £ 0.090 £ 0.036 [274] 0.043  0.025  0.017  0.007 ad Il
R g0 0.69 £0.11 +£0.05 [275]  0.052 0.031 0.020 0.008
Ry — 0.130 0.076 0.050 0.020
Rpk — 0.105 0.061 0.041 0.016 0.00 | | | | |
YV ™ ™ 4 ©
Qy"\ Qg“ Year Q_&\ Qg? Qy“
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Test of LFU with B(OS) — ete™ decays

e Helicity suppressed by @(1()_4) relative to B( S Tuo

B(B) — ete™) =(8.35+0.39) x 1071
BB = ete™) =(2.39+0.14) x 1071

M. Beneke et al. JHEP 10 (2019) 232

NP effects could increase BFs by O(10°)

Current analysis pertormed on Run1+2015+2016 data

Signal extracted from UML fiton m,,, -

y BB — eTe™) < 11.2x 1077 at 95% CL

y» BB - ete™) <3.0x 1077 at95% CL
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Phys. Rev. Lett. 124 (2020) 211802

LLHCbH —4— 2015-2016 data

—— full model
] comb1nat0r1a1
B B —D et v, decays |
B— Xe'*e™ decays il
I X,— h'e” v, decays _
B— h*h'~ decays

N
-
-

200

Candidates / ( 120 MeV/c?)
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Fleischer et al., JHEP 05 (2017) 156
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Prospects

. BSO — eTe™ already probing possible LUV
scenarios

e Potential backgrounds like BY — eTe™y
might become relevant with larger statistics

e Electron reconstruction/PID unknown after
Upgradell

o AlSO Bg , = tT77 even if far from SM

expectations still powerful tool to

constraint NP Leptoquark models
Phys. Rev. D 94, 115021 (2016)

e Runl:
@(Bg)
e 300 fb—1:

%(Bg) > 1717) <26 -5%x107*@95 % CL

> 1717) < 6.8%x 107 @95 % CL

Expected upper limit @ 95%

Universal NP Scenario for B—e *e ™~
Run 2

p—

3
oo
|

Private extrapolation of current
result by LHCb with [ &

Run 4

Run 6
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